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ABSTRACT 

Two experiMnta axaaiined the cognitive resources used 
by readers in aaatence Modeling (aumarising the propo^itiona in a 
senteace) as a functioa o2 reader task and of sentence complexity. It 
•waa predicted that ancodiag a sentence into awaory for later recall 
would require swre cognitl^ reaourcea than reading a teat to answer 
iflBedibte questions, and that the sodeling process would he nore 
resource coasiasiag, the greater the auaber of propositions. 
Undergraduate students acted as subjects for the experinants and word 
readiag tiae was the dependeat wariable. In the first experinent, 
which Involved both recall and quaatioa answering, 93 subjects read 
15 passages, and ia the second experiiMnt, 58 subjects read 13 
diffaraat passages. I a both cosditioaa, readers spent a longer tieie 
reading the final word than the reaaiaing words ia each sentence. 
Such sentence "wrap-up" was stroager in the recall than in the 
queatioe answering condition. In both conditions, the final word 
processing iacreaaed with the aaouat of iaforoatios in the sentence, 
and waa diaiaiahad ia seateaces that contained a aajor clause. 
Siailarly, the final word processing decreased with the serial 
position of the sentence in a passage. The results indicated that the 
readera used the end of A sentence, and to a lesser extent the end of 
a aajor clause, as aa occasion to abstract the essential ideas of the 
senteace and to integrate thea with the growing representation of the 
text. (HTH) 
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Abstract 

UfKltrgn»lttate studentt read tens in & mbject-p^oed reading experiment with word 
reading time m a dependent variaUe. Two tuk ciHiditkms were tised, mail and question- 
answering. In berth oHKlstksm^ re»tere qient a Imiger time reading the final wcml than the 
ren^ainsng wtmb of a sentence. Such ssntenoe wrap-up** u^as s^rcmger in the Recall than 
in tl^ Question-answering cmditicm. In bcKb ocmdtti<ms, the final*word proccsang increased 
with the amount of infmnation in the sentence. It was diminished in sentences that 
contained a tmpr clause. Similarly^ the final-word prooessing decreased with the serUl 
po8iti<m of the sentrace in a passage. These rcml^ indicate that the reader uses tl^ end erf* 
a sentence, and to a lesser extent* tlM end of a major clause, as an occasion to abstr«:t tte 
essential ideas of the senteme and to integrate them with tte growing representation of the 
text. 
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A Won! on Fmal Words 

Ten yeais Jolmsem-Laiid (1974) fortnulated the fundamental pn^lm in 

psycholingubitics foUovw What happo^ when we uncterstand sentences? While there is 
SK) single amwer to thh) qucstkm, ttontets at leasA ^lee on two important aspects if 
sentence undeistanding* Tte fim that people segment tl^ sentmx into smaller units 
such as phrases and clauses* Seocmd, people interpret the semantic relationship betwe e n the 
sentence prediotte and its argunmts Csee Clark & Oarfc, 1977, pAAX 

When tbt sentence aj^ieaiv in the ocmtext of a passage, as almost all rvntten sentemvs 
dc^ peq)2e perform an ^iditicmal qperaticm. They establisfli rdatkmships between tte 
sentences. Importantly, in readir^ a text, the renter's goal is not so much understandii^ 
any individual sentence, tmt to understand the meaning of tte passage as a whole* The 
meaning ai the passage is represented in an abstract model of the text which is a s wimed to 
ronsist pn^xwticms (Kintsch & van Dijk^ 1976X The segmentation and semantic 
interpretattmi processes aiMl a third process, sentemx mcxteling, are oompcments cf creating 
this text modrl. 

The process I am concerned with here is the sentence modeling process. It produces a 
proposittonal representaticm of the current sentence. Thic representation includes the 
propositions resultis^ from the semantic interpretation proces. It also rncludes pointers to 
concepts introduced in prevkms sentences. The function d the tev'.nce representation if to 
provide a set dT propositiiK:^ from which propositions can be abstracted for the growing 
text modeL Text-level processes such as deletion, ^neralization, a/id Migration (KiniscJf & 
van liijk. 1978) perform this ahstractidn process. Once certain propos lions have been selected 
for the text model, the current sentence model has served its jnirr^oK. The reader can 
abamkm it and move cm to the next sentence. The nmicm oi a sentence model is implicit 
in the text processing ajqmiacbes of JarveUa (1979X MiUer and Kintsch (19S0X and Mitchell 
and Green (t97S). ^ Time tbeor»ts awime, although in different terminologies, that the 
reader wmmarizes' or 'chuniLs' tht infonnaticm contained in a sentence. The sentence 



model rimply provides the pool of proposatkms on which the summariiation process works. 

The purpose of this leseaith was to study the resources used by the reader in 
senteroe moc^Ung as a functira of reader tarit and erf sentence complexity. If the task is 
to read the text in order to answer stmw easy questim relatively few cognitive resoarces 
should be required. On the oOor hand, if tl« reader intends to recaU the text, he or she 
is assumed to encoto the sentence representation into long-term memory which should 
require more resources than questiim answering does. Smilarly, the modeling process should 
be more re$ouree consuming, the more complex the sentence is in tenns <rf its number of 
prtqxsitions. 

There is ample evidence that sentence reading times depend on the number of 
propositions of xbt sentemesL %wifically. sentence rei«ling times oontroUed for the aumber 
of words increase linearly with the number of pit^tions in the sentence (Graesser & 
Riha. 19M; Haberlandt, 1984; Kieias. 1981a; Kintsch & Keenan. 197* Kintsch. W, Kooninsky. 
E, Stieby. W. J, McKoon. O, & Keenan. J. M, 1975X However, since sentence reading time 
is a rather global processing measure, it does not reveal the locatiimCs) at which the the 
prepositional comj^ty exerts *ts innuence. The proposition effect could become manifest 
in several different reading time patterns. Let me name three of these. First, it could bt 
nflectcd in a continuous increase of the reading limes o' indivkiual words, at least after 
several proposititms have been introduced. Chang (1980) reported some data that support 
this hypothesis. Second, word reading times could increase with the introduction of each 
n«w proposition. Both of these hypot iescs are based on the assumption that as the amount 
of information stored in short-term memory incrascs its capacity to prg^ additional 
information should decrease- Thirti, as Kintsch & van Di^t (1978) hypothesized the 
prt^tion effect could manifest itself at syntactically defined locations such as clause and 
sentence bmindaries. 

I studied the sentence modelmg process in a subject paced reading wiuation by 
eMtoinmg the i-lationship between word readwg times and the task as well as the number 
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oi propasiiians in the sentence. 

Method 

Today I shall describe rdata from two aperiimnts. In Experin^t 1. whi:h involved 
two task craiditiims, 93 nibjects read IS passages, and in Experiment X 58 subjects read a 
set of 13 different passages. 

In reding research many factcHS are necessarily oofouiuled. The appnacli I took wttt 
to identify these facstm and oontral for them by multiple regression analysis. 

The data 111 pnstal here are word reading time results. Of the methods available 
for recording word reading times 1 used the "Moving Window" method Oust, Carpenter, & 
WooUey. 1982; Kennedy, 198% Wilkinson. 1983X Is this method, W(ml8 of a text are 
presented ok a video-terminal (bw at a time at 9'40cesBiye lacati<Ba frraa teft to right <m 
the terminal. The rado- advances thnwgh a .ext by pressii^ a key which causes the 
current word to appear on the screoi. Word reading times were <tefined as tlw interval 
between succesaave key presses; 

Results 

1 computed regresstcms m word r^ing tin^ with several predktor variables altered 
ftimultancoukly. There were four classes of predictor variables, word-level, sentence-level, 
text-level, and layout variables; Tht wtttl-level variables included the length of the word 
expressed in the number erf" characters, the occurrence frequency oH the word in English 
(Kucera St. Francis. 1967), and whctter tl» word was a ccmtent or function word (see Clark 
& Clark. 1977, pi 22X Sent<»ce-level factors included such variables as the beginning and 
the end of a sentence, and the end of a major clause. The words of a given sentence 
werr also ooctod «xordi]^ to the number of propositimis in the sentence (see Bovair & 
Kieras, 1981; Turner &. Greene. 1977X 1 also included text-level factors, but I wcm't have 
time to discuss them today. 

Table 1 contains results of a multiple regression analysis computed on datt from the 
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Table 1 



Regression results for two conditions fron Experiment 1 





As ;ertions 




Recall 






eoeff 


.... t 


coef f 


t 


Length 




4.68 


15 


5.00 






O • 7 J 




5 64 


First vd 


'71 


9.91 


109 


6.59 


La9t wd * 


260 


34.81 


1079 


62.36 


Clause 


30 


2.19 


109 


3.38 


Prop OS it 


3 


2.99 


8 


3.26 


Ser pas 


-3 


7.06 


-13 


11.26 


Familiarity 


-13 


6.98 


-23 


5.17 


Beg of 1 


35 


4.71 


46 


2.66 


End of 1 


42 


5.55 


37 


2.07 
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Table 2 



ftegresBlon coefficients for last and concrol vards 



(Assertions Condition) 



final words 



control words 



Length 
Frequency 
Proposit 
Ser pos 
Familiarity 



coeff 

-77 
19 
-20 
-37 



t 

na 
4.37 
6.81 
6.81 
3.11 



coeff 



-41 



t 

ns 
4.88 



-15 



2.55 
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AfierUcmfi ami Recall awfitkms of EiLperiimnt 1. la tbe Asseitioiis csoaditioa SS people read 
passages with the goal of icqpcmliiig *'Yes^ or "No** to stnne assertioDS about each passage. 
In tJte Kigali ocmditkm 48 pec^ were asked io recall iIm; {wsages os dose to ^t»tim as 
possible^ 

Insert Tatde 1 abmit here 



Two ttiUstka are ircliKtod in Table 1, the regresaicn ooeffident and tte t-Value 
associated with each imdictor var^hle. Of interest to us here the final wwd ^fect 
wfakh is reflected by a regresuon codf^mt of 260 msec in tte Assertions ccmditkm. Tbis 
means that final won&i in this oatdittoa take 260 imoc limger to read than other words 
ccmtroUing for the remaining fiMraa TT» t*>valiie indicates that this final word etfect b 
highly lagnifkant. The raw word re^tiiq; times reflect tin; final-word effect alsoi In |the 
Assertions Ccmdition mean word riding times fOT ncm-bmindary words awl fiml words 
were 483 ajKl 776 msec, req[iectively. In the Recall conditicHi the correspcmding means were 
605 and 17;^ msec, reflectively. So both raw word reading times and regressicm 
coefficients give evidence of special prooesni^ at the final word of senteims. 

Now I shall describe this special processing more closely. I base this descripticm on 
two regreanimsL One regressscm was computed <m the reading tones of sentence-fina'. words 
and the other on the reding times of a set of control words. This set was comparable to 

V 

the set srntem^final words in terms of word length and frequency, and in terms of 
the proportion of content word& For the Assertions conditicm of Experiment 1, the 
regression results for last and control words are shown in Table 2. 

Insert Table 2 abmit here 



Table 2 shows that the pattern of factors contritmting to tl^ reading time variance 
in final cmnpared to ccmtrol wcmto wu differ^U SpecifnaUy, the number of propositions 
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per loentaKV had a significant effect cm the reading times erf* fina) but imi control 
woftb. .^milarlSTt there «ras an effect of serial position on final tmt nM cm control words. 
In my talk today i shall focus m tne propositim effect. 

The ipropoidticm effect was signifkant fcnr both tl^ Assertkms aiKl the Recall 
conditions ct Experiment 1. However^ m expected, it was more pnmounoed in the Reoill 
a»Mliti<m« This inter^tion is Uliu^ted in Figure 1. Figure 1 represents the propo^ticm 

sentences amtaining 2 thitm^ S propositioisk I used this set of sentences because it 
provided a sufficiently large number of cases at e^h sentence length. The apparent 
interKtiim in ^^re 1 was ccmfinmd \)y a edgniHamt Pnqxjsititm x Task interaction term 
(t »- 21*83. B < JOOl^ observed in a multiple legressicm. I ccmiimted this regression cm last 
word reading tinm with serial poe^tim, p^sage familiarityt word length and word 
frequency as siMitiraal fMtors, 



Insm Figure 1 about here 
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The fact that the propodt&m rffect was premit in final, but not in cmtrol wonb» 
supports the hypothesis that the r^der creates the sentence representaticm at the sentence 
bcHittdary rather than iiK^raimntally with «^ additicmal wonL Unlike in Chang's (1980) 
study, there was no evKlence of a continuous increase in word reading times with the 
i^rial position of words within a sentence. 

The presence and the size of the final word effect 'n the Recall condition raises the 
question whether or not, the level ^ a subject's n^ll is correlated with the extent (rf* the 
person's final-wcnd processing? If final-word processing does, in fact,. mirrOT the sentence 
modeling preoess, a persim who engages in such proces^ng dunild encode the text 
effectively whkrh in turri shmld mipport better recall. The answer to this ouestion is yes. 
I ccirrelated titt n^an recall ci 9 fKuasages with the standardized regression coefficient of 
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filial words for tlM 48 wbjBCts v^ho partidpatad in the recall a}nditira of Experiment 1. 



sentOM^fiiial words recalled tte pass^cs better. 

Of c0une, sentom-nnal worcb are Mt the cmly locatioiM subjects use fm encoding or 
sentence modeling*. Other qcqpcntunities aist at at tqinc shifts, at episcite and paragraph 
boundartes (e^^ Haberlamlt, Beriaiu C* & Samlsra, 1980X at idiysicaUy marked 
locatiom such as the beginning and the end of a line» and at clause boundarfes, as predicted 
by K\nu^ & van Di^ (i978X 

End"Of -sentence aiyl clausal p ro ce ss i ii y Regarding clausal processing, I evaluated the 
hypoil^sis that the pitseMe of a clattte in a sentoice sbould {»ovide the rwler with an 
c^qiorranity 10 pnerate the sratoioe nMidel incrcoaentally at the clause aiul at the sentence 
boundary. Omsequently. readii^ tima of final words sh<mld be shwter in sentences with a 
clause than in sentences without a clause. Analysis of data frmn Experiments 1 and 2 
sug^sts that tte clausal structure nKidined end-of-sentemv prooesang as predated. 
Specifically* final-word reining times were Imiger in sentences Jiat did not ocmtain a major 
clause than in sentences that did. Tbm effect Is shown for Experiment 2 in Figure 2 
where mean word reading times of last words vf a sentence are graplHsd as a function of 
the pr e hcn oe or absence of a clause and of tte number of proportions from 3 thrmigh 7. 
The Figure indicates that fm each sentence length* preceding of the final word is shorter 
in Kntenccs with a clause than in sentences without (me. 



The observation that end-ctf^sentence processing is les in sentences with a major 
clause supports the expectatioo that in thoie sentenMS tl^ sentence nuxleling process is 
distritmted over several hicatmns in tl^ sentence. As Rgure 3 indicates one such loeaticm 
ts the lasi word of a major clause (see also Fodor. J, A^ Bevcr, T & Garrett, M. F^ 



This correlate was r • JS^ £ < JOOh This means that people who tocdL Icmger to read 




Figure 2 abmit here 
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1974: Hurtig. 1978; JarveUft, 1971; Kaplan, 197S: Miller & Kintsclu 1980; Thibadeau. jtut, 
M. & Carpenter, P. A, 1982X In Figure 3 mean word reading tintts are graphed for 
words at the clause boundary and fcnr the two surrounding words. 

Insert Figure 3 here 

The sdid and bnSusa lines of Figure 3 depict the clausal effect for the Assertiosis 
and Recall ouiditioia of Experiment 1, reflectively. Siaxsc last wonb of clauses tend to he 
longer and leas frequoit than the mimwndii^ words, this clausal effect is at least in puft 
diM to xiusft lexkal factois. However, cvtm after partialing these f«;ton>, the clausal effect 
is statistkally significant. The clausal effect is more pronounced in the Recall than in the 
AsertKHM conditkm, which is mat surprising in view of Icmg-term encoding processes 
required in ncall (see Aarcmscm & Scarborough, 1976). Further analyses of the clausal 
effects in both Gomiiti<ms revealed that individual sibjects differed oonsitteTBbly in the 
level <d extra processing at clause bouiKlaries. Thn was especially true in the Assertions 
condition where mly S8% <d tix subjects evidenced a positi^'e r^rcsdon coefficient 
associated with clausal processing. 

(3oncl usi<Mi and future directicms: 

I have presented results cm special sente««-level prrxesdng at sentence and clause 
boundaries. These results support the hypothesis of a modeling operation that creates a 
propositional representation of the sentence. They do not, however, indicate that parsing 
and semantic interpretations are delayed. 

The fmal'Word effect has been obtained in using a variety of measures and methods, 
includmg gAxe durations (Just & Carpenter. 1980). the moving window condition (Just & 
Carpenter. 1980X (Post, 1983X the pointing v/indow condition (Dixon. 1983), and the 
stationary window ocaiditirai (Aarmiscm & Scarbonnigh, 1976X The effect is implicitly 
acknowledged by some researchers who use RSVP, e.g. Kutas & Hillyard (1983). However, 
the final word effect is not universal. For example. Just, Carpcnur, & Masson (1982) did 
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oot observe it m a ganr dumicm study, Similnrly, maBy subjects, including some in my 
own studies^ do give evtdesHae ci prolonged end-of-sentence processing. It nrmains for 
future resnrch to isolate the causes for the presence or absence of the final-WOTd effect* 
Future research should al«) (tetemiine wMitkmal factors contrilmting to this effect. Such 
factois include the anuHint ci mw informatkm and die the lexical complexity d the 
current sentence* 

The propositira effect should also he investigated further. There was a agniflcant 
proposition effect in the Recall and Assertions conditions erf* Experiment 1, but n<X in 
Experiment 2 in which I used an Asserticnis conditicm. This effect, then, should be further 
evaluated as a func^km of reader task and type of passage* Importantly, the effect idiould 
be examined in longer sentences than those I used to date* I could iniagiM that at a 
certain point final word reading times cease to increase with the number d proportions 
simply because there are too many. 

Finally, there is an important question about the clausal effect I described. If part 
of the sentence representati<m us created at the clause faouddary, as my results indicate, it 
must be determined how the partial representation is integrated with the rest of the 
sentence. Given all these questions you can see why ray talk had to be entitled "A Word 

on Final Words," rather than "The Final Word on Final Words." 

• .'■ - I ■ 
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